Introduction
Skills gaps in innovative small firms 145 current study is based in the West Midlands region of England which remains, in some respects, the heart of the industrial UK (manufacturing firms within the region contribute 29 per cent of GDP compared to the UK average of 22 per cent). However, workforce skill levels are among the lowest in the UK (see Tables I and II) are less innovative than their extra-regional peers [3] . The predicament is likely to be heightened for small firms where inevitable resource constraints act as a barrier to both employee development and innovation (Barber et al., 1989; Rothwell, 1987) . It is essential that skill levels, within the region generally and small firms specifically, are increased as a means to improving innovation and competitiveness. However, the question remains: given resource constraints, what skills are required and by what means can firms best acquire them? This paper is concerned solely with manufacturing SMEs.
Innovation and skill constraints
Skills constraints to innovation within small firms are generally thought to be of two principal types: management competency and skilled labour. Turning first to the role of management competency: it is important to distinguish between the stylised facts pertaining to HTSFs and technical entrepreneurship, and, conversely, the generality of small firms seeking to innovate. Owing to the path-dependent, cumulative nature of learning, it is suggested that technical entrepreneurs are liable to become overly concerned with the technical aspects of their innovation at the expense of the skills necessary for successful commercialisation (Freel, 1998) . However, this is not likely to hold for firms whose innovation activities are not based on highly specialised technology. Yet, studies addressing the general fitness of small firms for innovation consistently point to the pervasiveness of poor management skills and, more precisely, poor marketing skills (Adams, 1982; Bosworth and Jacobs, 1989; ACOST, 1990; Moore, 1995) . As a complex, inclusive process, innovation requires an eclectic base of managerial competency. Management deficiencies within small firms are postulated to include, inter alia: poor planning and financial evaluation (leading to "… systematic under-estimation of the costs of marketing and product development" (Barber et al., 1989, p. 10) ); inadequate delegation; lack of functional expertise and/or support; discontinuity of management staff (Nooteboom, 1994) ; and insufficient marketing endeavour coupled with a reliance on ad hoc or word-of-mouth sales (Oakey, 1991) .
That small firms will be constrained in their ability to recruit, train and retain highly qualified and competent managers is to be anticipated -given the lack of internal labour markets, levels of required remuneration, relatively high training costs (in both time and finance), and potential for "poaching" (Westhead and Storey, 1996; ACOST, 1991; Oakey, 1997) . Further, it is likely that such demands on resource are made in addition to the costs of product and market development. In response, it is suggested that the internal managerial resources of the innovative small firm be reinforced by contracted external resource which shows due empathy to the ambitions and objectives of the firm and is sufficiently longitudinal to allow the transfer of tacit knowledge (Deakins et al., 1996) .
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highlighting degree level education and late school participation rates (DTI, 1994 (DTI, , 1995 . Yet, independent evidence consistently points to a comparative disadvantage, with respect to peer countries, at intermediate levels of qualification -particularly within manufacturing (Greenhalgh, 1994; Oughton, 1997) . In essence, in relation to the likes of Germany, the UK has a paucity of technically skilled workers. In the case of small firms, this dilemma is exacerbated by the same resource constraints inhibiting management recruitment and development. Small firms are rarely able to match the wage rates, career development opportunities or job security available within large firms and are, accordingly, disadvantaged in the market for skilled labour (Bosworth, 1989) . Such resource is essential for successful innovation, notably during the early product development stages (irrespective of whether R&D activity is formal or informal) (Adams, 1982) . Wood (1997) , for instance, finds that firms reporting substantial innovative output "… have a higher proportion of staff who are technically skilled …" (p. 21) than those reporting negligible innovative output. A further consequence of low levels of technical skills relates to the self-reinforcing nature of organisational competence. In the absence of higher skills levels, and faced with a competitive labour market, small firms become tied in to levels of existing technology (Scott et al., 1996) -further undermining competitiveness. The foregoing discussion serves to underline the importance of both managerial competence and operational skills for innovation. Relatedly, as the recent Cambridge study (ESRC CBR, 1996, pp. 18-19) noted: "[unremarkably] … a higher proportion of firms, who offered formal training, employed skilled workers of all grades". In addition, recent evidence tentatively suggests that those small firms which undertake training are more likely to survive and enjoy growth in employment and sales turnover than their non-training counterparts (Cosh et al., 1998 (Cosh et al., , 1998b . Regardless, to conclude that small firms should train, and train in a given set of prescriptive skills, would be inappropriate and trite. We know that small firm participation in formal training is extremely low (Marlow, 1998; Westhead and Storey, 1996) . In addition, much of this poor use of formal training relates to resource constraints (in time and money) and an apprehension of training course inadequacy on the part of small firm owner managers. In the eyes of the small firm, the link between training and performance improvement is, at best, equivocal. The challenge therefore, on identifying skill requirements, is to develop delivery methods which show greater appreciation of the limited resources available, the scepticism of owner managers and the means by which knowledge may be most effectively and sustainably transferred. Unfortunately, in the face of limited public funds, a degree of pragmatism must be exercised. For instance, it is unlikely that any solution will involve developing ad hoc courses for individual firms -though this may initially appear optimal given the acknowledged heterogeneity of small firms. IJEBR 5,3
Methodology
The present sample consists of 245[4] manufacturing SMEs (< 250 FTEs) which provided useable responses to a comprehensive postal questionnaire addressing innovation and general organisational characteristics. The questionnaire asks relatively detailed questions relating to internal skills and organisation, sources of finance, sources of information, and collaboration. Manufacturing is defined at the two-digit SIC (92) The analysis is currently at the preliminary stages and is designed solely to establish the existence of relationships between given variables. This, coupled with the predominant use of five-point Likert scales, indicates the use of nonparametric tests (principally chi-square independence tests and hypothesis test for differences in sample proportions). Accordingly, any comments on direction or strength of relationship are fundamentally inferential.
Where it is necessary or prudent to dichotomise between innovators and non-innovators, for the purposes of comparison, innovators have been defined using a "rate of innovation" measure. It is often convenient to adopt an absolute definition of innovation such as "new product introduction" (Cosh et al., 1996) . However, this ignores the relativity of best practice. As noted above, 72.2 per cent of the sample firms report introducing a new product in the given time period. Yet, it is likely that many of these firms are not truly "innovative". It seems more appropriate to consider firms as "more innovative" and "less innovative", allowing us to benchmark against best practice. The rate of innovation definition is based upon the number of new products introduced as a proportion of the firm's product base. To illustrate, all other things being equal, the firm which has produced 500 products in the given time period, of which 9 are newly introduced, is likely to be less innovative than the firm which has produced 50 products, of which 35 are newly introduced. Accordingly, a rate of 0.2 or greater has been used to differentiate the "innovators" from the "noninnovators" (i.e. at least 1/5 of the firm's product base consists of newly introduced products). The decision as to where to place the point of separation is admittedly arbitrary. Given the contention that innovation is not categorical but a matter of degree, and therefore occurs along a continuum, this is somewhat unavoidable.
Findings
"Further efforts to promote the attractions of smaller firms to graduates … should improve the competitive position of smaller firms relative to larger firms" (ACOST, p. 63). The employment of graduates alone, with particular emphasis on the immediacy of their impact, is unlikely to be sufficient in surmounting the managerial competency barriers encountered by innovative Skills gaps in innovative small firms 149 small firms. Nonetheless, we may anticipate that the employment of graduates would raise competency levels, introduce new skills (especially in the area of information technology) and be indicative of an attitude, or willingness, conducive to growth and innovation (Westhead, 1998) . This view is supported by our sample firms (Table III) . Innovative firms are significantly more likely to employ graduates than are their less innovative counterparts -of those responding, 47.9 per cent of innovative firms employ one or more graduates, while only 30.8 per cent of non-innovative firms employ any graduates. Of those firms which employ one or more graduates we may expect the innovative firms to be significantly more likely to employ science or engineering graduates. The employment of graduate scientists or engineers is often viewed as fundamental in allowing small firms to achieve process improvements and keep pace with advancing technology -"...to progress from what me may term a 'know how' culture to a 'know why' culture" (Scott et al., 1996, p. 86) . Taken as a proportion of all firms within the sample, innovative firms are significantly more likely to employ scientists or engineers -simply because they are significantly more likely to employ graduates of any sort. However, of those firms who employ graduates, innovative firms are no more likely than the less innovative firms to employ scientists or engineers (note: science and engineering graduates account for 80 per cent and 78 per cent of graduates employed within innovative and non-innovative firms respectivelysee Table III) .
Distinguishing between the possible sources of knowledge and skill allows us to examine whether constraints are imposed by external labour markets, inadequate linkages with external expertise (the view on which UK competitiveness policy is currently based -see Oughton, 1997) , or training difficulties. In addition, differences in the relative weighting of the sources subgroups may signal the most appropriate means by which policy can tackle skills constraints. Finally, by designing the question to encompass sources of technical knowledge we may be able to identify whether firms perceive constraints to be primarily of an administrative or managerial nature or of a technical nature.
Chi-square independence tests (Table IV) show that in all instances, excepting the increase of in-house personnel, non-innovative firms were significantly more likely to have responded "not applicable". This may suggest a lower ability to evaluate skill needs among the less innovative firms -in the absence of richer company-specific data, it is difficult to draw any firm conclusions. However, tests carried out using only those firms which deemed the various factors applicable (i.e. responses 1-4) found no relationship between innovative classification and factor ratings. Innovative firms were no more or less likely to rate any given factor higher than were non-innovators. Turning to the relative ranking of the various factors given by responding firms (based on the absolute numbers responding 3 or 4 -i.e. "important" or "very important"), the test of rank correlation provides evidence to reject the independence hypothesis (Table V) . In other words, the ranks given by innovators and non- Notes: a responses 1 and 2 and 3 and 4 were combined to give responded negatively or neutrally and responded positively; critical value (α = 0.01) = 6.635; critical value (α = 0.05) = 3.841 If we disregard classification differences, and turn instead to the type of, and method of acquiring, competencies. The rankings in Table V suggests that firms perceive technical skills to be of primary importance in increasing their innovative activity, followed by marketing, managerial, financial and exporting skill respectively. Moreover, based on one-sided tests of differences in sample proportions responding, this finding is statistically significant. Firms were significantly more likely to rate technical skills, by whatever means, as "important" or "very important" than they were marketing skills (and marketing skills than managerial; managerial than financial, etc. -although the relationship breaks down between financial skills and exporting skills). Concerning the source of acquisition, firms' preferences seem to favour improving in-house competencies over accessing external knowledge with increasing personnel rarely viewed as the optimum means to increasing innovative activity. To rephrase, there does not appear to be, what Green and Ashton (1992) refer to as, an external "skills shortage" but rather there exists, at least in the minds of the small firms, an internal "skills gap" (Table VI) .
Conclusions
Before drawing together the main points from the earlier discussion, it should be noted that this paper, in investigating skills gaps in product innovative small manufacturing firms, has consciously avoided commenting on the relative performance of innovators. In this sense, innovation has been treated as an absolute good regardless of its effect upon "the bottom line". However, as an aside, previous evidence suggests that innovators do, in fact, outperform non-innovators (see Geroski and Machin, 1992) . With regards to the issue of internal competence and access to specialist expertise, it is pleasing to note that small firms, themselves, have identified improving in-house technical and marketing skills as key to developing their innovative capabilities. Yet, how do we assist firms in improving in-house skills? As the earlier discussion noted, the reasons for low levels of training within small firms are well documented (Westhead and Storey, 1996; Marlow, 1998) . Accordingly, it would be inappropriate to dwell, in any depth, on the issues here. However, the tendency towards delivering large firm marketing courses to small firms, with the attendant prescriptive solutions and unrealistic resource requirements, must give way to a more flexible approach. The identification of a series of best practice case studies, which illustrate a variety of methods by which imaginative small firms were able to overcome resource constraints in product marketing, may be an appropriate starting point. Unfortunately, the issue of poor technical skills is less tractable and is likely to relate, at a macro level, to the general trend away from apprenticeships and the greater emphasis placed on higher education -sadly, in this country, engineers and technicians are rarely given due status.
The importance of graduate employment also emerges from the current study (although the nature of cause and effect remains unclear). Yet, as Westhead (1997) points out, there exists a considerable attractiveness barrier between small firms and graduates. Consequently, measures which alter the attitudes of graduates towards small firms (and vice versa) would appear to be a necessary starting point -although, efforts may need to minimise "preaching to the converted" (i.e. firms which already employ graduates) to allow limited resources to achieve greatest value added. The greater focusing and expansion of schemes such as the Shell Technology Enterprise Programme (STEP) and the Teaching Company Scheme (TCS) may be ways to achieving, at least in part, the desired end. Notes: critical value (α = 0.01) = 2.326; critical value (α = 0.05) = 1.645. These findings confirm the concerns highlighted in earlier sections of this paper -that is, the quality of technically skilled staff and the level of marketing expertise within manufacturing SMEs are acting as constraints on innovation. Encouragingly, the firms, themselves, seem aware of the problems 
